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∆+i = (A+ − Ainitial)/Ainitial = (−22 ± 4) ∗ 10−4

∆−i = (A− − Ainitial)/Ainitial = (−0.4 ± 3.5) ∗ 10−4

∆+− = (A+ − A−)/A− = (−19 ± 4) ∗ 10−4

∆+f = (A+ − Afinal)/Afinal = (24 ± 3) ∗ 10−4

∆−f = (A− − Afinal)/Afinal = (3 ± 4) ∗ 10−4

∆fi = (Afinal − Ainitial)/Ainitial = (5 ± 2) ∗ 10−4
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2£�5D5AC�5�5AC��35AC7C45��±¯���F�5D5��EF7CD5�5�5AC7CACªFA¯E��C�F?@�'2¯7
�����C�F?>�9AC462;:-"&A8�CAC�<�)AC�5D>�CAC45D545AC792;��ACEF�&��78=@��¡
E�7C���CAC7C���)DOD5E��CAC¢5�5D5?@28�)D1¨î?54628EF�5���ÎEF7C���CA¦��D5A���AC�ÀÈËµ¶´�×�Ï§©�Dq ��§���F�5���ã�'2£ ��F45AC�ÈËµ�³>Ú�Ï§�'Ð�����A
A8�C�6284>=B±¯�F�5A5©�¢>�CA}7}D5EFE§���§�6=9�F�)AC�ã��D628362£ �AC�5����A8 &AC�£�6=@¢5�F�5D>¡1©'?54628EF�5���IEF7C����A8��EF7C���CA���D5A���AC7
354>A¦:9A���D>��E��C�F?@�'2��C�� � ��62;¢5D>�C�§���C�5ACªFA�ACE§�'28�;���F�5D>¡1©8D
�'2£±$��35ACE§����A����5ACªFA�ªFA��'2�AC�£�6=@¢5�F�5D>¡$3545A£¤
 F462;¢5�5ACE��C�-E��C�F?@�'2-?Ç?54628EF�5AC��=Ä�57C���82qD> F�����>¡6�§�9Eì¡Ñ�5�� ��62¦¢5D5���¦���C�5A5�%+�AC���CAC��=Ä7CEF�pD> ��)�F�5�F�5D>¡
=@4>AC7C�>¡ðEFD5ªF�62;�'2ÄA8�Ù"¯*��ïEF78¡> ¦28�5�ûE»?5462£�C?@AC7C45�F�)�F�5�5���)D��5�FE��£28�CD@���C�5ACE��;¡5�)D�E�28�)ACªFAÙ"¯*)�
D@�6D<��4>=@ªFAC�q�§���F?>�C45AC�5D5?6D1�
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�Ç��4>=@ª�AC�¯E��CAC45AC�5�º ��§���F�5���¯EF7C�����'2£ ��F462>©83545A¦:9A��6¡>Ò&D5�¯¢5�F45�� ÁE��C�F?@��A�D5�)�F����AC¢5�F�5���5�F�CA£���£¤
Ã&A8��ACE§�'28�£���F�5D5�8©C�FE§��D$�£��AC?&EF7CD5�5�5AC7CACªFA�E��C�F?@�'2��5��35AC7C45��±¯���F�1�C+�ACEå����AC�£�6=@¢5�F�5D>¡qÈö�5�FEF?BA£���C?@A
E�A8�C�F��462;�Ñ�5�6¡ÑE��£28�@�'284>�C�5ACªFAOEF7CD5�5�5AC7CACªFAIE��C�F?@�'2IDÙ3545D5�£��D> �D>�C�����C�5A��¦�C�C�C�<462;�Ñ�5�6¡Ñ462;��D@¤
2£�5D5AC�5�5A»E��CAC�5?@A8ªFA<E��C�F?@�'29Ï�3545A8 �462¦¢5�5ACE��C�<�£��AC?@2p�5�6¡I ��§�����5ACªFAqEF7C���£2� ��62¦¢5D>�C�§���C�5A<35AC�5D>±¯2;¤
�§�CEå¡1����462£7C�5�F�5D5�-EFD5ªF�62;��AC7ÙA8�ÙEF7C���CA���D5A¦��AC7ÙDº�'2£ ���45�5ACªFAÑD5E��CAC¢5�5D5?BAC7Ñ35A8 �7CA£�6¡5���ÙA8�����§��D>�9�
�5�§=9E��CAC�5¢5D57CACE��9�<E�28�)ACªFAq"¯*��#DO35D>�£28à�Ò&�F�Ç�FªFA»�§���F?>�C45AC�5D5?5DÇDOAC3545�§���§��D>�C�<EFAC�CE��C7C�F�5�5A<462;¤
��D528�5D5AC�5�5AC� 35AC7C45��±¯���F�5D5��E��C�F?@�'2>�
�
792-?@AC�>�C45A£��D54>=@à�Ò&D@:ðD> ��)�F45�F�5D>¡ð�C����AO3545AC7C�§���F�5AÄ7I�C�F¢5�F�5D5�<35�F457CAC�º?@2;��D5�C45AC7C?5DÙ���§¤

�C��?>�9AC45AC7�"&A8�CAC�ÑÈ ���F?@28�C45�<� ¿C¿ Å9Ï�D<35ACE§����AC?BAC�5¢628�5D>¡<3545D5�F��2&�'28�5�5��:ÙÈöEF�F�>�¦¡5�C45�q� ¿C¿ ¸CÏ§�5�%28E§¤354>�§���§���F�5D6���5��35AC3546287£���F�5�5��:�A8�C�5A8Ã&�F�5D5�}�'2£ ���45�5��:�EFD5ªF�62;��AC7
E��5AC45��2;��D> ¦28�5D5�F���62 Ê1QßùR��A£¤
�CA���D5A����(�'28�5A¯?>28?

Runcorr =
A′

laser

Alaser

Èæ¬CÏ
�C���

Alaser

D
A′

laser

¤Á ��62¦¢5�F�5D>¡ÇEFD5ªF�62;��AC7I"¯*)�nA8�»�'2; ��F45�5ACªFA-D5E��CAC¢5�5D5?@2q7<�62¦¢62;���-È ���F?@28�C45�
� ¿C¿ Å9Ï$D�?BAC�5�5��ÈöEF�F�>�¦¡5�C45�Î� ¿C¿ ¸8Ï�©)�5AC45��2;��D> �AC7928�5�5���-�62ÇEFACA8�C7C���CE��978=@à�Ò$D5�O28�)3@��D>�8=¦��� ��A£¤
�CA���D5A���AC75��*��CDÎ4628EF3545�§���§���F�5D>¡R35AC?@2£ ¦28�5��3>=@�5?>�CD545�5AC�ã��D5�5D5�F�ã�62Ñ�)D5E8��²>�-Dã35AC?@2£ ���7928à��
 F�62;¢5D>�C�§���C�5��� D> ��)�F�5�F�5D>¡qEFD5ªF�62;��AC7p7$EF¢5���C¢5D5?>2;:î�'���CAC�C�(AC�5�F�5D5792£�C�¯�F�����F?>�}462¦��D628�5D5AC�5�5A£¤

Ê>Ë#Ì�Í ��ÎoÍIÊ�Ô�ÌgÛ�Ü�ÑCÚ#ÑCã#Ñgæ�Ë�Ñ
Rcorr

ë ÌgÛ�ã#Ý�å~æ#Ô�nUçÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�Ôäí�Ë
Runcorr

ëGÛ Iæ�×�ÕoË�Ü�æ#Ô�nUçÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�Ôäí�Ú�ã
n
ëgfäí�Ò�Ô�ã#Ñgæ �o×�Ë�ÐUË�ë]h�í�âoÝMã
�oå~Ë�ÐzâMã#Ý�×IÝ�Ù�}~Ý�ÕäÝ�æ�Î��äÚ�ã
n�ë
i�í�Ò�Ô�ã#Ñgæ �o×�Ë�ÐUË�ë
j#í�âoÝMã
�oå~Ë�ÐUâMã#Ý�×�Ý�Ù�}~Ý�ÕäÝ�æ ê
Ë¥Ú�ã
nðë
k�í~Ýoâ311Ö�æ�Ý�çèÝ@Ëðë]lCí¸Ü#Ô�Ú�Ë#Ô�0�Ë�Ý�æ�æ�Ý@ÌgÕäÝ�Ø�×�Ë�Ð5âMã#Ý�×�Ý�ÙÅ}~Ý�ÕäÝ�æÀ��Ínm�Ü�Ë�ÙäÝ�Ø�ã�Ë�æ�Ë�ÑgØ5Û�Ü�ÑCÚ#ÌgÕ�ÔMÙ�ã#Ñgæ��ÔväÌÓÌÓÝ�ÙäÌg×�Ë�Ø�p�Ë�Õ�Í
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ª�Ap35AC462£±$�F�5D>¡<�C�F45�8=C���9Eì¡q��AC35A;���5D>�C�§���C�62£¡-35AC3546287C?@2¯�62$EFACA8�C7C���CE��978=@à�Ò$D5�IEF7C���CA���D5A����5���C¨

Rcorr = Runcorr × Kcorr

ÈËÅ9Ï
�C���

Kcorr =
ALED

A′
LED

.
Èæ¸CÏ

0��6�FEF�
ALED

©�D
A′

LED

¤¯ ��62¦¢5�F�5D>¡�D> ��)�F45�F�5�5��:�A8�C?@��D5?BAC7Î"¯*�� �62�EF7C���CA���D5A¦��� 7ð�62¦¢62;���
È ����?>28�C45�p� ¿C¿ Å9Ï%Dp?BAC�5�5�
ÈöEF�F�>�;¡5�C45�p� ¿C¿ ¸CÏ%Dp�5AC45��2;��D> �AC7928�5�5�����62�35AC?@2£ ¦2£�C�§��D}EF7CACD@:}Ê1QßùÎ��A£¤�CA���D5A���AC75�C��±}D@�'28���CEì¡1©8¢>�CA��£��AC?5D1©£35AC7C45��±¯���F�5�5����462;��D628�5D5�F�&D5�)�Fà��� ��62;¢5�F�5D>¡

RCORR

�5D>±$�
�å��D5�5D5�5��D> �¤  ¦2»35A8�C�F45�<3545A8 �462¦¢5�5ACE��CDÙ7»45�� F=¦���¦�82£�C�p462;��D628�5D5AC�5�5ACªFA<35AC462£±$�F�5D>¡1�\�%28EF3545�§���§¤
�����5D>¡»�5�6¡

RCORR

�828?»±$��35AC?>2£ ¦28�5�(�62¯�)D5E8�6²>�pÈöEF3@��A8Ã&�5��� ªFD5E��CACªF4628�)�)��Ï§�'�%28EF3545�§���§���F�5D5¡
35A83546287CAC¢5�5��:Ù?@AC�F����D5�5D5�F�>�CAC7

Kcorr

35AC?@2£ ¦28�5�#�62-�)D5E8�%²9«ÙÈËé9Ï§© ÈkH�Ï�DÎÈöÜ¦Ï��5�6¡�"&A8�CAC�ã�C©%«<D
²�EFACA8�C7C���CE��97C�F�5�6A>��!�28?ÄDÄA;±}D@�'2;��ACEF�5©îACE������C�5���p� 28?>�CAC45���5�FE��828�CD@���8�5ACE��9DÄ��A£�6±}�5�ÀD5�)���C�
E�D5�)���§�C45D6¢5�5AC�}4628EF3545�§���§���F�5D5�OÈöEF���¹©\�6283545D5�)�F41©¶�CA£���8Ã&D5�¯E��C�F?@�'2I"&A8�CAC�Ñ«CÏ§�¶�`�CA<±$�$E�28�)AC�

Ê>Ë#Ì�Í3�oê�ÍèÊ�Ô�ÌgÛ�Ü�ÑCÚ#ÑCã#Ñgæ�Ë n
Kcorr

�PëgfäíV��Ú�ã
nRÒ�Ô�ã#Ñgæ �o×�Ë�ÐzëGÛ Iæ�×�ÕoË�Ü�æ#Ô�nRçÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�Ôäí�Ë¸âoÝMã
�oå~Ë�ÐmëøÌCÛ�ã#Ý�åÝ�
æ#Ô�n�çÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�Ôäí�âMã#Ý�×IÝ�Ù�}~Ý�ÕäÝ�æ5Î���ë]h�í��$Ú�ã
n�Ò�Ô�ã#Ñgæ �o×�Ë�Ð5ëGÛ Iæ�×�ÕoË�Ü�æ#Ô�n�çÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�ÔäíeË�âoÝMã
�oå~Ë�Ð
ë ÌgÛ�ã#Ý�å~æ#Ô�n?çÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�ÔPíUâMã#Ý�×�Ý�ÙÀ}~Ý�ÕäÝ�æðê·Ëcë
i�íÉ��Ú�ã
nóÝoâ311Ö�æ 1$ÐcëGÛ Iæ�×�ÕoË�Ü�æ#Ô�nóçÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�ÔäíUË
Ü#Ô�Ú�Ë#Ô�0�Ë�Ý�æ�æ�Ý��`ÌgÕäÝoØ�×�Ë�Ð¥ë ÌgÛ�ã#Ý�å~æ#Ô�n çÓË�ÌgÕäÝ�çÓÜ#Ô�Ò�Ò�ÔPí1âMã#Ý�×IÝ�Ùq}~Ý�ÕäÝ�æ���Í
7845�F��¡1©%�5�6¡º3545Dð�62;��D5¢5D5Dð¢62£E��CD5¢5�5AÙ35AC7C45��±¯���F�5�5��:º��2;���F�5�C?5D@:ºEF¢5���C¢5D5?@AC7Ç4628EF3545�§���§�����5D@¤
¡5D5�)�FàÁ�ð:>7CACE��C��©Á�£28?�?@28?(35AC7C45��±¯���F�5�5���ÙEF¢5���C¢5D5?5DhD5�)�Fà��ã��2;���F�5�C?5D5�Ä ��62¦¢5�F�5D>¡
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+�A8 �D5�5D5D<���CD@:<E�¢5���C¢5D6?BAC7¯7p"&A8�CAC�q«
35AC?@2£ ¦28�5�(�62&�)D5E8�6²C²>�>ò�EF�5A$7CD@���62&?BAC4545�§�6¡5�5D>¡<�)��±¯�6=
RCORR

D�35A£��A;±$�F�5D5��3>=@¢5?@2>�5+�A8 �D5�5D5D»¢628E��CD5¢5�5A¯AC�£�6=@¢5�F�5�5��:»EF¢5���C¢5D5?@AC7$7p"&A8�CA8�q²
35AC?@2£ ¦2;¤
�5���62q�)D5E8�¶²8�5�\�28?O±$�&¡5EF�5Aq7CD@���62<ªF4628�5D5�62<�)��±¯�6=O462;��D628�5D5AC�5�5A£¤¥E��CAC�5?5D5�)DÙDÇAC�C��¢5�5���)D
E§�C�F?@�'28�)D1�

r

R corr   less 0.5

R corr   0.5 - 0.6

R corr   0.6 - 0.7

 R corr   0.7 - 0.8

R corr   0.8 - 0.9

Ê�Ë�ÌoÍ[����Í��-Ü#Ô3p�Ë�Ö�ÑÓÌg×�ÝoÑmÛ�Ü�ÑCÚ#ÌgÕoÔMÙ�ã#Ñgæ�Ë�ÑzÜ#Ô�ÌgÛ�Ü�ÑCÚ#ÑCã#Ñgæ�Ë n
Rcorr

Ú�ã
n@æ�Ñg×�Ý�ÕäÝ�Ü 1$Ð¥Ü#Ô�Ú�Ë#Ô�0�Ë�Ý�æ�æ�Ý��kÛ�ÝoÙoÜ�Ñ��^�Ú�ÑCæ�æ 1$Ð ÌgÖ�ÑgÕoÖ�Ë�×�Ý�Ùq}~Ý�ÕäÝ�æ�ê�Í#Ï�Ö�ÑgÕoÖ�Ë�×�ËEÌÓÝìÌwÐIÝv^�Ë�Ò>Ë��Óæ#ÔèÖ�Ñgæ�Ë n�Ò>Ë
Rcorr

Û�Ý�×�Ô���ÔMæ 1bÝÓÚ�æ�Ë�Ò 0�ÙäÑgÕäÝoÒ1Í
o�Ô�ã#Ñgæ �o×�Ë�Ñì×�Ü#Ô�Ìgæ 1�ÑìÛ�Üfn�Ò�Ý3IçèÝMã
�oæ�Ë�×�Ë4Ý�ÕäÒ�ÑgÖ#Ô��eÕ�âMã#Ý�×�Ë@Ù3×�Ý�ÕäÝ�Ü 1$Ð�Û�Ü�Ý�Ë�Ì�ÐPÝèÚ�Ë�ã�Ôq��Ô�Ò�Ñgæ#Ô ×�ÔM×IÝ�çèÝNp
ã#Ë�âoÝ�Ë �R×�ÝoÒ>Û�Ý�æ�Ñgæ�ÕäÝ�Ù��gã#Ñg×�ÕoÜ�Ý�æ�Ë�×�ËEË3Ë�Ìg×�ã
�eÖ�Ñgæ�æ 1�ÑRË ��Ú�ÔMæ�æ�Ý�çèÝUÔMæ#Ô�ã�Ë ��Ô�Í

R corr 0.6-0.7

R corr 0.5-0.6

R corr less 0.5

Ê�Ë�ÌoÍ[��	�Í��-Ü#Ô3p�Ë�Ö�ÑÓÌg×�ÝoÑmÛ�Ü�ÑCÚ#ÌgÕoÔMÙ�ã#Ñgæ�Ë�ÑzÜ#Ô�ÌgÛ�Ü�ÑCÚ#ÑCã#Ñgæ�Ë n
Rcorr

Ú�ã
n@æ�Ñg×�Ý�ÕäÝ�Ü 1$Ð¥Ü#Ô�Ú�Ë#Ô�0�Ë�Ý�æ�æ�Ý��kÛ�ÝoÙoÜ�Ñ��^�Ú�ÑCæ�æ 1$Ð ÌgÖ�ÑgÕoÖ�Ë�×�Ý�Ùq}~Ý�ÕäÝ�æ���Í#Ï�Ö�ÑgÕoÖ�Ë�×�ËEÌÓÝìÌwÐIÝv^�Ë�Ò>Ë��Óæ#ÔèÖ�Ñgæ�Ë n�Ò>Ë
Rcorr

Û�Ý�×�Ô���ÔMæ 1bÝÓÚ�æ�Ë�Ò 0�ÙäÑgÕäÝoÒ1Í
o�Ô�ã#Ñgæ �o×�Ë�Ñì×�Ü#Ô�Ìgæ 1�ÑìÛ�Üfn�Ò�Ý3IçèÝMã
�oæ�Ë�×�Ë4Ý�ÕäÒ�ÑgÖ#Ô��eÕ�âMã#Ý�×�Ë@Ù3×�Ý�ÕäÝ�Ü 1$Ð�Û�Ü�Ý�Ë�Ì�ÐPÝèÚ�Ë�ã�Ôq��Ô�Ò�Ñgæ#Ô ×�ÔM×IÝ�çèÝNp
ã#Ë�âoÝ�Ë �R×�ÝoÒ>Û�Ý�æ�Ñgæ�ÕäÝ�Ù��gã#Ñg×�ÕoÜ�Ý�æ�Ë�×�ËEË3Ë�Ìg×�ã
�eÖ�Ñgæ�æ 1�ÑRË ��Ú�ÔMæ�æ�Ý�çèÝUÔMæ#Ô�ã�Ë ��Ô�Í
!�28?Ñ�C����AI35AC?@2£ ¦28�5AI7�ó ÅC²£õ�EF7CD5�5�5AC7CAC�}E��C�F?@��AÄçRA��¦�>�C©¶AC�£�6=@¢5�F�5�5AC�p��A8 �AC��7

2 × 104 462;��C�F4B¡5���n3545D5�£��D> �D>�C�����C�5Aï�äö 3545A�:BA��6¡>Ò&�FªFAnEF7C���£2#�62#A����5AC��462;��D628�5D5AC�5�5AC�÷�5��D5�5�8�}���6¡
çRA��ÇEF7CD5�5�5AC7CACªFAºE��C�F?@�'2>©Á35A���AC�C�62£¡REF7C���CAC792£¡(35A8�C�F49¡(�8=¦������7C�� �7928�62�35ACªÂ��A8Ò&�F�5�5AC�R��A8 �AC�
2.5 × 102 462;��ó Å8�8õæ�
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�`"&A8�CAC�Ä«@©'?@28?I7CD@���5A�D> $�)D5E8�1²C²>©6�CA£���C?BA}��792pEF¢5���C¢5D5?>2�35A8�C�F49¡@��DÄ3545A8 �462¦¢5�5ACE��C�»7p��792
D@�6D<�CA£���F��462£ C�6+�45D5�)�F�5�F�5D5��3545D5�£��D>±¯�F�5D>¡»D> pó Å8�£õ1?<�62£Ã&D5�ºE��C�F?@�6¡5�5�5�Á���£��AC?@28��ÈöE�=@¢5���CAC�
462; ��)�F45AC7BÏ§©B35AC?@2£ ���7928���;©@¢>�CA 35ACªì��A8Ò&�F�5�62£¡¯��A8 ¦2�7 ���CD@:}EF¢5���C¢5D5?@2;:�3545D5�;��D> �D>�9�§���C�5A¯¬8�C��462;�¶�
���6¡$EF¢5���C¢5D5?BAC7�E�35A8�C�F45�F�¯3545A8 �462¦¢5�5ACE��CD<�¦��öhD@��D$�)�F�5�8Ã&� È

RCORR
I 0.8÷0.9

Ï�35ACªÂ��A8Ò&�F�5�62£¡
��A£ ¦2�¤�3545D5�£��D> �D>�C�§���C�5A}�;«8��462;�¶�9���FEF?BA£���C?@A����FEì¡5�C?BAC7���4>=@ªFD@:pEF¢5���C¢5D5?@AC7
D5�)�F���
�)�F�5�8Ã&�F�£©B�5A
D> F�)�F45D5�)AC� 462;��D628�5D5AC�5�5Ap35AC7C45��±$�§���5D5�8�
�Ù"&A8�CAC�
²Á�5��D5�)�F���CEì¡&�5D5?@28?BACªFA�7CD@��D5�)ACªFA�35AC7C45��±¯���F�5D>¡ 7C�>=B�C45�F�5�5D@:&462;��D628�5D5A8�5�5A�E��CAC�@¤

?5DB:$E��C�F?@�6¡5�5�5��:¯�£��AC?BAC75©£?545AC�)���C45�§:î©C462£ ��)��Ò&�F�5�5��:¯�£��D> �?BA�?$3>=@¢5?>=C�@���5�F�5�F�5�62£¡$35ACªÂ��A8Ò&�F�@¤
�62;¡
��A8 ¦2�7����CD@:¯EF¢5���C¢5D5?>2;:&¤

4×103 462;�¶�C�%2;��D628�5D5AC�5�5AC��35AC7C45��±¯���F�5D5��E��C�F?@A;�}�CD5362�çRA���¤ß�C�8�>©462; ��)��Ò&�F�5�5��:-�62$ªF4628�5D5�5� E�462;��D628�5D5AC�5�5A£¤¥E��CAC�5?5D5�)D1©6�£28?q±$�� ¦28�)���C�5A5©��5A¯¢628E��CD5¢5�5A}��28EF?5D@¤
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Total 15.2 Billion interactions

Σ- 67.1%

π- 13.8%
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Run: 10439  Spill:  41  Event_in_Spill: 17156  Event: 100034284  Tubes:   63
27/03/98
13.45.41

Masses: Sigma Proton Kaon Pion Muon Electron Backgrnd
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ó ÅC�£õæ�@���6¡q���CACªFAp�C���ID5EF35A£���8 �AC7928�I³>´�µ¶´�·�úF´1BzH'ÛML�L5Û�L@¤wL6é£êåé6ú�ªF�F�5�F462£�CAC4IEFAC7C�)�FE��C�5A
E&ªF�F�5�F462£�CAC45AC��3545AC�5�FEFEFAC7q78 ¦28D5�)A����F�5E��C7CD5�Ù´�×ÉÊ ÈöACEF�5AC7928�5�5AC�R�62�ªF�F�5�F462£�CAC45�pEFAC�C���CD5�ó�ì�
A£�ºÍ�µ¶´�ÿ�ó ¸C«;õ Ï§�

D∗
s(2112)

�C���REFªF�F�5�F45D5457928�ÎE-��28EFEFAC�Î«@�¹�C�;«Ç�\���ûD�3545A£�����£2;�(4628EFE��CA¦¡5�5D5�8©
E�ACA8�C7C���CE��978=@à�Ò&�F�OEF7CAC�F��=�7C45�F�)�F�5D�±}D> ��5D1©�2Ç ¦2£�C�F�É4628EF362;�'2;��Eì¡ã�62

D±
s

�)�� �AC�ãD
γ
¤¥?57928�>�;�

D±
s

�)�� �AC�q�£28?<±¯��3545A£�����£2;�Ä4628EFE��CA¦¡5�5D5� EFACªì�'28EF�5ApEF7CAC�F��=<7C45�F�)�F�5Dq±}D> ��5DqDq4628EF362;�'2;��Eì¡q�62
K+K−π±

�
���CAC�C�Ù3545AC7C�F45D>�C��A8�C?@��D5?������C�F?>�9AC462�D�AC3545�§���§��D>�9���F�����F?>�CD57C�5ACE��9��7CACEFE��£28�5AC7£���F�5D>¡ �C45�§¤

?BAC7
EFA8�C���CD>¡1©>3545ACD> �7C�§���F�5�5����3545ACªF4628�)�)AC�»´�×ÉÊ��C45�F?5D»�C����D}D5�)35AC4>�CD545AC7928�5�R7 3545ACªF4628�)��=
�)A����§��D545AC7928�5D>¡ýÊ ´)Ö�ù�ç 45�F?@AC�5E��C4>=@?5�5D6D`³>´�µ¶´�·ª©�y s<\�ú �Á*��CA8�ã3628?B���ð�C���hD5EF35A£���8 �AC7928�
354>Dã28�62;��D> ��<Ã&D545D5�5� é9«¦¤¥�)�� �AC�62ðó ¸£²£õæ���n���CAC��D5EFE§���å��AC7928�5D5DãACEFAC�CAC�<7C�5D5��28�5D5�<=����§�6¡@��ACEF�
3545287CD@���C�5Ap36284628�)���C45D> ¦28�5D5D<�����C�F?>�9AC45AC7»"&A8�CAC�1�

�	ÿ



����:9A����5AC�ºEFD5ªF�62;�ðªF�F�5�F462£�CAC462ÐÊ�´�¸8½>��EFA����F4B±}D>�OEFAC�C���CD>¡º7IE��£28�@�'284>�C�5AC����AC45��2£�C��EFA£¤
�8���CD>¡Î�F?BEF35�F45D5�)�F�>�82º³>´�µ¶´�·&��*��CDÎEFªF�F�5�F45D545AC7928�5�5���OEFAC�C���CD>¡ã�C����DãAC�C462£�CA8�828�5�û�C�F��±¯�
EF28�)���R3628?B���CAC�R45�F?BAC�5E��C4>=@?6�5D5DI�'28�5�5��:î©î¢>�CA�DI45��2;���C�5���&EFAC�C���CD>¡1�1���� F=¦���¦�£2£�9�À3545�§��E��£287£¤
�����5�ï�62Ù�)D5E8��� ¿ Èö45��2;���C�5AC�O,qAC�>�C�§¤ß!�284@��A�EFA����F49±p2;��AÑ462; ����§���C�5���OAC�C462£ ��5�÷�5�6¡ D+

s

�828?
D

D−
s

©%�5AO7OEFD@�6=ÑD@���F�>�CD5¢5�5ACE��9Dð35A£�6=@¢5�F�5�5��:ð4628E�3545�§���§�����5D5���5�6¡�AC�C462£ ��5AC7OE
K+K−π+ D

K+K−π−
4628EF3545�§���§���F�6D>¡-3545D57CA��6¡>�CEå¡<�CA£���C?BA$�5�6¡

K+K−π−
Ï§�

Ê>Ë#Ì�Í
	fj�Í5«<¬��®N¯4°�\�Û�Ñg×�ÕoÜ3ÙäÝoÌÓÌgÕoÔMæ�Ý�Ù�ã#Ñgæ�æ
1$Ð
Ds
Ò�Ño�èÝ�æ�Ý�ÙìÛ�Ý�×�ÔMæ�Ô�ã


K+K−π± ë
o�Ý�æ�ÕäÑ��±mRÔMÜ�ã#ÝPíCÍ«�²T³4¯T®N¯4°_Ï�Û�Ñg×�ÕoÜEÜ#Ô��Óæ�Ë 0 1!Ò�Ô�ÌÓÌ¼W4ë
K+K−πγ

ím�.W4ë
K+K−π

í�ë
o�Ý�æ�ÕäÑ��±mRÔMÜ�ã#ÝPígÍ

�����F792÷�62��)D5E8�I� ¿ 3545�§��E��8287£���F��EF35�F?>�C4�7CA8EFE��828�5AC7£���F�5�5��:
Ds

�)�� �AC�5AC7�35A�?@28�62;�6=
K+K−π±

��+�A£�6=@¢5�F�5�5AC��4628EF3545�§���§���5D5���C����AIA8�C��D>�CD545AC7928�5�5AO�>2�=9EFEFAC���%+�A£�6=@¢5�F�5�62£¡ÙÃ&D545D@¤
�62$4628EF3545�§���§���F�6D>¡ºÈ

σ
Ï�AC?>2£ ¦2;�'28EF�¯46287C�62

8.12 ± 0.07
,q�����'*��CA}AC¢5�F�5�¯:9AC45A8Ã&ApEFACªì�'28E§=9���CEå¡IE

�'2£�5�5���)D-��D>�CD545AC7928�5D>¡qAC�C462£ ��62$45��2;���C�5��:qEFAC�C���CD5��ÈË�)D5E8���B¸8Ï
σ I 8.11 ± 0.45

,q�����
��354628792&�62&�)D5E8�5� ¿ 3545�§��E��8287£���F�<EF35�F?>�C4»�5�6¡»462£ ��5D5�5�(��28EFE�ÆÑÈ K+K−πγ

Ï)¤�ÆÑÈ
K+K−π

Ï§�
+�A£�6=@¢5�F�5�5AC��4628EF3545�§���§���5D5���C����A�A8�C��D>�CD545AC7928�5�5A��>2�=CEFEFAC�O3@��à�E�35A£��D5�5AC�)D62;���C�62;¡
��=@�5?5�5D>¡1�
+�A£�6=@¢5�F�5�62£¡&Ã&D545D5�62�4628EF3545�§���§���F�5D>¡-È

σ
Ï¶AC?@2£ ¦2;�'28EF��46287C�62

10.07±0.12
,q�����9*��CA�:9AC45A8Ã&A�EFA£¤

ªÂ�'28E�=C���CEå¡&E)�'28�5�5���)D
��D>�CD545AC7928�5D>¡&AC�C462£ ��62Á45��2;���C�5��:
EFAC�C���CD5�<ÈË�)D5E8�;�9½9Ï
σ I 8.2±1.5

,q�����
*������F?>�CD57C�5ACE��9��45�FªFD5E��C4�28�5D5D&3545AC�5�FEFE�2

D∗
s(2112) → Dsγ

�C���'2�AC3545�§���§���F�62��62�=@45AC7C�5��AC?@A£��A
È
47 ± 2

ÏCö����Î=@¢5���CAC�ã���CAC�q7C�§��D5¢5D5�5�h�C���'2¯35A£�6=@¢5�F�62¯AC�5�F�5?@2¯?BA£��D5¢5�FE��C792¯ ¦2845�FªF�FE��945D545AC7928�@¤
�5��:&7��F?BEF35�F45D5�)�F�5�C��³>´�µ¶´�·

D±
s

�)�� �A8�5AC75©835A£�6=@¢5�F�5�5��:$A8��4628EF362;��AC7
D∗

s(2112)
©£���82�7C�§��D5¢5D5�62

A8?>2£Ò$2;�'28EF�»46287C�5AC�ðÈ
25 ± 2

ÏCö�©1¢>�CA»E�=BÒ&�FEF�C7C�F�6�5Aq�5D>±$�&¢5�F�R�628�£��à��'28�F��2£¡O�62
e+e−

?@A£�5�'28�@¤
����462;:ÑÈ

∼ 59
ö#�5�6¡IÍ�µ¶´�ÿ$óô� ¿ õ Ï§����6¡�D5EFE§���§��AC7928�5D>¡ A¦±}D@�'28�F�)AC�XÃ&D545D5�5� D°�F�����F?>�CD57C�5ACE��CDÓ45�FªFD5E��C4628�5D5DÓ4628EF362;�'2

D∗
s(2112) → Dsπ

0 �C�����£28?º±$�»EFªF�F�5�F45D546AC792£�Î,qAC�>�C�§¤ß!�284@��AÇAC�C462£ ��F�ðE»�>=¦���F7CAC�ºÃ&D545D5�5AC�E�362;�'2>�î!�28?-D-7}4628�5�F�&EFª��F�5�F45D645AC7928�5�5��:IAC�C462£ ��62;:
D±

s

�)�� �AC�I3545A£�����£2;�Ç4628EFE��CA¦¡5�5D5�&EFACªÂ�'28E§¤
�5AIEF7CAC�F��=Ñ7845�F�)�F�5D�±}D> ��5D�D�4628EF362;�'2;��Eì¡��62

K+K−π±
©�2

π0 �)�� FAC�º4628EF362;�'2;��Eì¡�EFA��¦�C��ö�845�F�5¢5D5�5ªFAC�ã35Ap?@28�62;�6=
π0 → γγ

�

Ã �



+�A£�6=@¢5�F�5�5AC��4628EF3545�§���§���5D5�Á�C����A�A8�C��D>�CD545AC7928�5�5A �@2¦=CEFEFAC�Ä3@��à�E�35A£��D5�5AC�)D62;���C�62£¡&��=@�5?@¤
�5D@¡\��+�A£�6=@¢5�F�5�62£¡<Ã&D545D5�62p4628EF3545�§���§���F�5D5¡�È

σ
Ï�AC?@2£ ¦2;�'28EF�p46287C�62

16.13 ± 0.43
,q�����î*������F?@¤

�CD>7C�5ACE��C��45��ªFD5E��94628�5D5Dq�'28�5�5ACªFA¯3545AC�5�FEFE�2p�C���'2¯AC�5�F�5�F�62¯�62&=@45AC7C�5� AC?BA£��A-È
16 ± 2

ÏCö��
���5�F�5D>�C�}?BA£��D5¢5�FE��C7CA}A¦±}D@�'28�F�)��:<EFAC�C���CD5�-35Ap4628E�362;�6=

D+
s π0 �)A¦±}�5A$35Ap��AC45��=����

Nexp(D
+
s π0) = Ndet(D

+
s γ) ×

Br(D+
s π0)

Br(D+
s γ)

×
Eff(D+

s π0)

Eff(D+
s γ)

+�A¦��E��£287£�6¡>¡»�'28�5�5���8©�35A£�6=@¢5���5�5���
D>  �)A¦���§��D545AC7928�5D>¡1©6�)��35A;�6=@¢5D5�

Nexp(D
+
s π0) = (60.1 ± 14.9) ×

0.058

0.942
×

0.16 ± 0.02

0.37 ± 0.02
' 1.6 ± 1.2

���6¡¯D5EFE§���§��AC7928�5D>¡}3545AC�5�FEFE�2
D∗

s(2112) → Dsπ
0 7 45��2;���C�5��:pEFAC�C���CD>¡@:p�C����Dp78 F¡>�C�ã362845�

γγ
©�����±¯2£Ò&D5�O7º��28EFEFA87CAC�nAC?5�5�

π0 135 ± 7.5MeV/c2 ©�ªÂ���O?@2£±¯����� γ
¤¥?57928�>�Ù��A£�6±¯�F�Î�C���

A8�£�'2;�'2£�C�»�F�5�F45ªFD5�F�
Eγ > 2

�\�����\���C45�� ¦28�5D>¡I�62�?@28�@��D@�'2£�C�À7
Ds

�C����DI78 F¡>�C��28�CEFA£��à��C�5A
D@�6�F�>�CD5¢6�5���ÇD5EF35A£���8 �AC7928�5���n3545DRD5EFE§���§��AC7928�5D5D(4628EF362;�'2

D∗
s(2112) → Dsγ

�����6¡RAC�5�F�5?5D
¢5D>E§�'2qEFA8�C���CD5�Ù7<�)A¦���

D∗
s(2112) → Dsπ

0 4628EF3545�§���§�����5D5�}�C����A<A8�C��D>�CD545AC7928�5�5AI�@2¦=CEFEFAC��EÃ&D>45D5�5AC�1©8 ¦28��D5?@EFD545A87928�5�5AC�¯35A��'28�5�5���Ù,qAC�>�C�§¤ß!�284@��A�¤)�¦Å>�¹�Á,q�����C+�A£�6=@¢5�F�5�5AC��?BA£��D5¢5�FE��C7CA
E�AC�C���CD5�-AC?>2£ ¦2;��ACEF�¯46287C�5A

−0.55 ± 0.6
�

BR�kîR�7V �_��¯�¡	¾ì®�¿�³1¦~£�¡V¢�³��	 �³�¾ì®�¿
D∗0→D0π0 £ D∗0→D0γ

�
�%28EF362;���

D∗0→D0π0 D D∗0→D0γ
�C����DIAC�C�6284>=B±$�F�5����ACE��82£�CAC¢5�5A»�C��E��C45AÄó Å9¬¦õæ�1�����§�6=9���

A£�C�)���CD>�9�5©�¢>�CA�A8�C�5ACEFD>�C�§���C�5�Á�O7C�F45A;¡>�C�5ACE��CDR462;��D628�5D5AC�5�5ACªFA�DÎEFD@���C�5ACªFA�4628EF362;��AC7�AC?@2£ ¦2;¤
��D>EF�p7¯���CAC��E§�6=@¢628���£��D> �?5D5�)D1©>:9A8�;¡qAC�8��¢5�5Ap���CDq7C�F45A¦¡>�C�5ACE��CD-462£ ���D5¢628à��CEì¡-7

∼ 10000
462£ C�

+�45D5¢5D5�5AC�I���CAC��=-E§�6=B±}D>����2;��AC� �F�5�F45ªFAC7C�����§�����5D5�&7}4628EF362;���
D∗0→D0π0 Èö7CEF�Fª�A��5�FEF?BA£���C?@A,q����Ï�©>¢>�CA¯D»3545D57CA���D>�¯?»35A��'287£���F�5D5à`7C�F45A¦¡>�C�5ACE��CDqEFD@���C�5ACªFA$4628EF362;�'2 ��A&=@45AC7C�>¡»7C�F45A¦¡>�C�5A£¤

E§�CD-�§���F?>�C45AC��28ªF�5D5�C�6ACªFA}4628EF362;�'2>�
���C462£ ��F�-E�AC�C���CD5�IE ?@28�@��D@�'2£�£28�)DI7

D0 ¤¥�)�� �AC�5�(:9AC45A8Ã&A}35A��5:9A¦��D>�¯�5�6¡-D> F=@¢5�F�5D>¡IAC�8Ò&�F�A8�5�F�5?5DÙ�F�����F?>�CD57C�5ACE��CDÑ45�FªFD5E��C4628�5D5DÑ7<�F?@EF35�F45D5�)�F�>�9�»³>´�µ¶´�·nAC¢62845AC7928�5��:Ç2;��45AC�5AC7<?@28?ÇE
π0 ©¶�828?�E γ

¤¥?57928�>�CAC�`7I?BAC�5�F¢5�5AC�ÀEFA8E��CA;¡5�5D5DºDÑ35A8 �7CA£��D@�ðAC�5�F�5D>�C�ÄA8�C�5ACEFD>�C�§���C�>=@à 7C�F45A¦¡>�£¤
�5A8E��C�}4628EF362;��AC7

D0π0 D D0γ
�

	��62;�'28ªFD5¢5�5A}AC�C462£ ��>=
Ds

©�78 F¡>�CACªFA¯�5�6¡-3545�§�����6=BÒ&��ªFA»28�62;��D> ¦2>©
D0 AC�C462£ ��F�q=B±¯��D5EF35A£���£¤ FAC792;��Eå¡�3545D»D> ��)�F45�F�5D5D<7C45�F�)�F�5D�±}D> ��5D

D0 ó ¸@��õæ�5!�28�@��D@�'2£�C�R7 D0 �C����D�7CACEFE��828�5A87£���F�5�(35A��7£=@�`�)A¦�'28�h4628EF362;�'2
D0 → K−π+ D D0 → K±π∓π+π−

©¶3545DÑD5EF35A£���8 �AC7928�5D5DÑE§���§�6=@à�Ò$D@:
A8�C45�� ¦28�5D5�1¨

• L/σ > 6
•
u'Ý�D Þ9êgH6é8Üè�

< 5
• χ2/nd

78�CAC45D5¢5�5AC�q7C�F4>Ã&D5�5�
< 3

�
���C462£ ��F�

D0 ?@28�@��D@�'2£�CAC75©�A8�CAC�C4628�5�5��:ð�5�6¡����CACªFAº28�62¦��D> ¦2>©�35AC?@2£ ¦28�ã�62Ù�)D5E8��¬8�>��!�28�@¤��DB�'2£�C�
D0 7I��28EFEFAC7CAC�`AC?5�5� 1.9685 ± 0.025

�\�����C����D�AC�8ñ¶�§��D5�5�F�5�ÉE�7CACEFE��£28�5AC7£���F�5�5���)D
γ
¤¥?57C28�>�828�)D
E��F�5�F45ªFD5�F�

Eγ > 5
�\�����¦���6¡ =@�)�F�5�8Ã&�F�5D>¡$7£��D>¡5�5D>¡
A8Ã&D5�CAC?
7�AC3545�§���§���F�5D5D¯D5�%¤

3>=����CEFAC7p�C45�F?@AC75©'E�ACE��8287£�6¡5à�Ò&D@:
D0 ©��)�h?>28?-AC�C��¢5�5A>©'3545D5�)�F�5D@��D-Ã&D545AC?BA�4628EF3545ACE��C4628�5�F�@¤�>=BàÀ�)���CA���D5?>=q7C��¢5D5E§���F�5D>¡-462£ ��5D5�5�h��28EFE��)��±¯�6=�ACEF�5AC7C�5���ãD<7CA8 ��8=B±¯���F�5�5���ãEFA8E��CA;¡5�5D5�F�

Ã Ø
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Ê>Ë#Ì�Í�<���Í$Ê>Ô�ÌgÛ�Ü�ÑCÚ#ÑCã�Ñgæ�Ë�ÑQ�vp¼pRÑg×�ÕoË�Ùoæ�Ý�ØðÒ�Ô�ÌÓÌo1
K∓π± Ë K±π∓π+π− Ú�ã
nóÝ�ÕäÝoâ�Ü#ÔMæ�æ 1$ÐðÌÓÝoâ311ÕoË�Ø�Ía�ÔMå~ÕoÜ�Ë�ÐIÝ�ÙPÔMæ�æ#Ô�n�ÝoâMã�Ô�ÌgÕ���Û�Ý�×�Ô���11ÙPÔ�ÑgÕ@Ò�Ô�ÌÓÌÓÝ�ÙäÝoÑ Ý�×�æ�Ý �	×�ÔMæ�Ú�Ë�Ú�ÔMÕ�1 Ë �U×IÝ�ÕäÝ�Ü�Ý�çèÝ�â31$ã�Ë¥Ù���n�Õ�1 Ú�ã
n

ÔMæ#Ô�ã�Ë ��Ô�Í

D0 �)�� �AC�62>���%2£ ��5D5�62¯��28EFE ÆÑÈ D0γ
Ï�¤�ÆÑÈ

D0 Ï�7¯AC�£�'28E��CD 0.5 − 1
�\���

/c2 35AC?>2£ ¦28�62$�62¯�)D5E8�'¬@�C��)���§�6=9����A8�C�)���CD>�9�5©C¢>�CA�7�E§�6=@¢628��4628EF362;�'2
D0∗ → D0γ

A8����A8�CAC�5AC7�D> �4628EF362;��AC7
π0 7CA8 ��5D5?@28�����A835A£���5D>�C�§���C�5�Á�I��AC�1�5���6¡<=@�)�F�5�8Ã&�F�5D>¡I���CACªFA���AC�62¯�C����D-7C7C�§���F�5A¯��AC35A;���5D>�C�§���C�5AC�&ACªF462;¤

�5D>¢5�F�5D5� ¤�?BAC�)�CD5�628�5D>¡-E
γ
¤¥?57928�>�CAC�ã�5�
3545D5�5D5��2;�'28EF�}?q�'2;���C�5�F�>Ã&�F��=-4628EFEF�)A8�C45�F�5D5à
©î�FE§��D

A8�Ä7»362845�$E
��à��C���Î��4>=@ªFD5�
γ
¤¥?57928�>�CAC�(7»EFAC�C���CD5DÇD5�)�§�ÑD5�57C2845D628�>�C�>=@àn��28EFE�=I7<3545�§���§�'2;:

±25
,q���Y2

c2 A£�}�5AC�)D5�62;���C�5A8�q��28EFEF� π0 ó Å9¬;õæ�+�ACE§����3545D5�)�F�5�F�5D>¡À7CEF�§:`ACªF4628�5D5¢5�F�5D5�À7Î4628EF3545�§���§���F�5D5D��628�£��à��'28���CEì¡¡5EF�5���EFD5ªF�62;�
D0∗(2007)

�\��D5ªF�62;�Ù�C���ÙA8�C��D>�CD545AC7928�Ç��=@�5?5�5D5�F�Ù�>2�=9EFE�2»3@��à�E$35A£��D5�5AC�)D62;���C�62£¡O��=@�5?5�5D>¡1�
�%2£ ��5D5�62-��28EFE}AC?@2£ ¦2;�'28EF�I46287C�62

141.2 ± 0.9
,q���

/c2 ©�¢>�CAI�£��D> �?BAI?Ù�£28�£��D5¢5�5AC��=Ç ��62¦¢5�F�5D5àÊ�×ÉÊ
142.12±0.07

,q���
/c2 �8!�A£��D5¢5�FE��C7CA�EFAC�C���CD5�¯7�35D5?B���62;�p��AC�5AC�-¤ 491.8±53.94

EFAC�C���CD5�1�
íÀD545D5�62IÈ

σ
Ï�AC?@2£ ¦2;�'28EF�¯46287C�62

8.3 ± 0.8
,q�����

+��F45�F?545�FE��C�6AC��EF�)��Ã&D57928�5D5�
γ
¤¥?57928�>�CAC7$E

D0 ?@28�@��D@�'2£�£28�)DqD> }ú�fCDGL5ÛMH6é8Þ�L¶ú�AC�£�'28E��C�F�<7¯4628E§¤354>�§���§���F�5D6D��5�6¡Î,ÑÈ
KKπ± γ

Ï
¤¯,ÑÈ
KKπ±

Ï$35AC?@2£ ���7928���Ù�CA£���C?@AÙ7CA8 ��)A¦±}�5AC�q4628EF3545�§���§���F�5D5�
�5�5¡q��AC�62$A8�$��78=9:>¢628E��CD6¢5�5ACªFA}4628EF362;�'2>�
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Ê>Ë#Ì�Í,<�ÎoÍ5Ê�Ô�ÌgÛ�Ü�ÑCÚ#ÑCã#Ñgæ�Ë�Ñ Ú�ã
n Ü#Ô��Óæ�Ë 0 1 Ò�Ô�ÌÓÌøW4ë
KKπ± γ

íû� W4ë
KKπ± í ëtÜRÔMÜ�Ò�ÕoÜ�Ë�çÓçèÑgÜ Ì

Eγ > 5 ´ kC»RíCÍ

�&2;���F�
�5�6¡OA8�CAC�C4628�5�5��:ÄEFAC�C���CD5�Ç�)�À35ACE��C45ACD@��DÇ462£ ��5D5�>=O��28EFEpÆÑÈ
D0π0 ÏÁ¤�ÆÑÈ D0 Ï§�'���6¡=@�)���5�8Ã&�F�5D5¡Ù7£��D>¡5�5D>¡ÇA8Ã&D5�CAC?Ç7qAC3545�§���§���F�5D5DÑD5�)3>=����CEFAC7q�C45�F?BAC75©¶EFACE��£287£�6¡5à�Ò&D@:

D0 ©\�)�?@28?<AC�C��¢5�5A5©63545D5�)�F�5D@��DqÃ&D545AC?BAp4628EF3545ACE��C4628�5�F�6�>=@à��)���CA���D5?>=<7C��¢5D5E§���F�5D>¡-462£ ��5D5�5�h��28EFE
�)��±$�6=�ACEF�5AC7C�5����D�7CA8 ��8=B±¯���F�5�5����EFACE��CA¦¡5�5D5�F�

D0 �)�� �AC�62hD�E��£28�@�'284>�C�5=@à 3545AC�5�§�6=@4>=
úèB}éIfCf¯ÜFÝCÞ�f¼êìëÂÛMD Þ¶úå�5�6¡

π0 �)�� �A8�62ãÈöªÂ���q�£¤æ:ºD5�)3>=����CEq�)�� �AC�62Ä792845�CD54>=9���CEì¡ã7Ä3545�§���§�'2;:�EF7CACD@:A£Ã&D5�CAC?»�5�6¡q35A£�6=@¢5�F�5D>¡q�£28�£��D5¢5�5ACªFA¯ ��62;¢5�F�5D>¡q��28EFEF�
π0 ?@28�@��D@�'2£�£29Ï§����� F=¦���¦�82£�C��35AC?@2£ ¦28�5�ð�62��)D5E8�9¬C«@©8ªÂ����3545�§��E��£287£���F�5A 4628EF3545�§���§���F�5D5���5�6¡$462£ ��5D5�5�ð��28EFE�7

,ÑÈ
D0 π0 Ïî¤¶,ÑÈ D0 Ï§�£�%2£ ��5D5�62���28EFE�AC?@2£ ¦2;�'28EF��46287C�62 142.2±1.2

,q���
/c2 ©£¢>�CA��£28?
±$���£��D> �?BA�?�£28�£��D5¢5�5AC��=$ ��62¦¢5�F�5D5àhÊ�×ÉÊ

142.12±0.07
,q���

/c2 �B!�A£��D5¢5�FE��C7CA&EFAC�C���CD5�}7 35D5?B���62¦�»��AC�5AC�¤
220.4 ± 22.42

EFAC�C���CD5�1�'í�D545D5�62-È
σ
Ï�AC?@2£ ¦2;�'28EF�¯46287C�62

11.6 ± 1.2
,q�����

+�45DÓEF�)��Ã&D57928�5D5D EFD5ªF�62;���C�5��:oÈö�5�F�>�C462;���8�62£¡y ¦28?5462£Ã&�F�5�62£¡ A8�£�'28E��C�X�62X�)D5E8�ð�B¸CÏ
D0 ?@28�@��D@�'2£�CAC7ÀE π0 ?@28�@��D@�'2£�£28�)DnD> (AC�£�'28E��C�F� ú�fCDGL5ÛMH6é8Þ�L¶úF28�62;��ACªFD5¢5�5AC�R4628EF3545�§���§���F�5D5�
462; ��5D5�5����28EFEI,ÑÈ

D0 π0 Ï ¤$,ÑÈ D0 Ï$�5�<3545A;¡57£�6¡5���ÙE�=BÒ&�FE��97C�F�5�5ACªFAÑ35D5?>2Ä7Ä=@?>2£ ¦28�5�5AC�À��D62;¤362; �AC�5�8�����C462£�C�5AC�p35�F45�F?545�FE��9�5AC��EF�)��Ã&D57928�5D5�}EFD5ªF�62;���C�5��:Ù?>28�@��D@�'2£�CAC7-E
D0 ?@28�@��D@�'2£�£28�)DD> pú�fCDGL5ÛMH6é8Þ�L¶ú�AC�£�'28E��C�F�<7$4628EF3545�å���§�����5D5D»�5�6¡q,ÑÈ

KKπ± π0 Ï)¤�,ÑÈ KKπ±
Ï��£28?»±$��35AC?@2£ ���7928���

�CA;���C?@Ap7CA8 ��)A¦±}�5AC��4628EF3545�§���§���F�5D5���5�6¡q��AC�62$A8�$��78=9:>¢628E��CD5¢5�5ACªFA�4628EF362;�'2>�
Ð�����AI3545AC7C�§���F�5AOD5EFE§���§��AC792£�5D5�»E��£28�CD@���C�5ACE��CDº35A£�6=@¢628�F�)ACªFAOEFD5ªF�62;�'2-A8�I�CACªFA5©��628EF?@A£���£¤
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KKπ± π0 ím�TW4ë KKπ± í (π0 → γγ)

Í

?BA$�C���'2$3546287CD@���C�62$3545AC7C�§���F�62$?@2;�5��D5�C45AC7C?@2
�����C�F?>�9AC462>��Ð�����A$=CE��828�5AC7£���F�5A5©6¢>�CA¯EFD5ªF�62;�I�5�
D> F�)�F�>¡5���9Eì¡�EÁ792845D628�5D>¡5�)D

±2
öÀ35A �F�5�F45ªF���CD6¢5�FEF?@AC�}Ã&?@2;���8�@+�ACEF?BA£���C?>=$�CAC¢5�5ACE§�C�&3545DpAC3545�§¤

���å���5D5DÑ462£ ��5D5�5����28EFEp7»�'28�5�5AC�Ç�)A����p�)�F�5�F�¯ ¦287CD5EFD5��2<A8�-�5�FAC3545�§���§���F�5�6A8EF�CD�EF78¡> ¦28�5�5��:ÇE
���5�F45ªF���9D5¢5��EF?5D6�)DÇ?@2;��D5�C45AC7C?@28�)D1©î?@AC�5�F¢5�5���Ä45�� F=¦���¦�£2£�<�5�6¡O462£ ��5D5�5����28EFE

(D∗0) − (D0) I
142.2 ± 1.2

�
F>û:$>ûkú�û_^ <�(���"$��
���������	����	��������
����� �ð2���(��#/�����	������*b(��-��<��#"$��2

D∗0→D0π0 �
D∗0→D0γ

+�45D<AC3545�§���§���F�5D5DIA8�C�5A8Ã&�F�5D>¡-7C�F45A¦¡>�C�5ACE��C���

R0 =
Br(D∗0 → D0γ)

Br(D∗0 → D0π0)
=

N(D∗0 → D0γ)

Eff(D∗0 → D0γ)

Eff(D∗0 → D0π0)

N(D∗0 → D0π0)
D5E�35A£���8 �AC792;��D5EF�<7CEF�$AC35D5E�28�5�5���¯78��Ã&�¯D> ��)�F45�F�5D>¡1�������§�6=C���-A8�C�)���CD>�9�5©\¢>�CA<3545DI�828?BAC�(4628E§¤
E���A£�C45�F�5D5DqEFD5E��C�F��2£�9D5¢5��EF?5D5��35ACªF45��Ã&�5ACE��9D1©6EF78¡> ¦28�5�5����E��F�����F?>�CD57C�5ACE��C�Cà7CACEFE��£28�5AC7£���F�5D>¡
D0 ¤¥�)�� �AC�5AC7<DÙ�������F?>�CD57C�5ACE��9�CàûACE��£2;���C�5��:ÙAC�C45�� ¦28�5D5�ÇEFAC?5462£Ò$28à��CEå¡ÙDÇ�5�$�'28à��-7C?@�'2;�'2<7?BAC�5�F¢5�5���<45�� F=����;�£2£�£�6�@�FAC�)���C45D5¢5�FE�?@2£¡<�F�����F?>�CD57C�5ACE��9�¯45�FªFD5E��C4628�5D5Dq��A8�CAC�5AC7$D»�F�����F?>�CD57£¤
�5A8E��C�}AC�C45�� ¦28�5D5�-�62¯36284628�)���C45�h?>28�@��D@�'2£�CAC7}7

D0 ¤¥�)�� �AC�-�8����D-AC3545�§���§���F�5�`3>=B�C�F�Î�)A����§��D@¤45A87928�5D>¡q4628EFEF��2£�C45D57928�F�)��:q3545AC�5�FEFEFAC7}35A¯�)���CA¦�6=-,qAC�>�C�§¤ß!�284@��A5�
Ã 8



��AC�CA8D@:ÙE§�6=@¢62£¡@:Ñ7I7C�§��D5¢5D5�5��¤�´µv)È
D0γ

Ï�D�´µv)È
D0π0 Ï�7£:9A¦�6¡>�I?@28?Ñ�F�����F?>�CD57C�5ACE��9D�45�§¤ª�D5E��C4628�5D5D-EFACE��CA¦¡5�5D5�

D0 © π0 D γ
�)�� �AC�5AC75©>�£28?<D»A8�C�5ACEFD>�C�����C�62£¡<�F�����F?>�CD57C�5ACE��9�p45�FªFD5E��C462;¤

�5D>Dq?BAC�5�F¢5�5��:qEFACE§�CA;¡5�5D5�1��+�A���E��8287;�6¡5¡» ��62¦¢5�F�5D>¡1©635A£�6=@¢5�F�5�5��� D> ��)A����§��D545AC7928�5D>¡<�)���CA¦��A8�
,qAC�@�C�§¤ß!�284@��A}D<45�� F=¦���¦�82£�C�`��D>�CAC7p35A£�6=@¢628�F�

R0 =
Br(D∗0 → D0γ)

Br(D∗0 → D0π0)
= 0.71 ± 0.11

�28?�?@28?
D∗0 ¤¥�)�� �AC�ãD5�)�F���Ñ�CA£���C?@AÇ��792Ç462£ �45��Ã&�F�5�6��:Î?>28�62;�'2Ç4628EF362;�'2Ä�5�6¡�=B�CAC¢5�5�F�5D5¡45�§ F=¦���¦�82£�82p�C����ApD5EF35A£���8 �AC7928�5A$��AC35A£���5D>�C�§���C�5AC� ACªF4628�5D5¢5�F�5D5�8©'¢>�CAC�C��E�=@�)��2p7C�F45A¦¡>�C�5ACE��C�F�

462£7C�>¡@�'28EF�-�§��D5�5D5�5�8����EF35A£���8 F=C¡Ñ35A£�6=@¢5���5�5AC�} ��62;¢5�F�5D5�¯�5�6¡ÑA8�C�5A8Ã&�F�5D>¡
R0

�)A;±}�5AqAC3545�§���§¤
��D@�C�}A8�C�5ACEFD>�C�§���C�>=>àÀ7C�F45A¦¡>�C�5ACE��C�p�5�6¡<AC�CACD@:<?@28�62;��AC75¨

Br(D∗0 → D0γ) = (41, 8 ± 3, 6)%
t
Br(D∗0 → D0π0) = (58, 2 ± 3, 6)%

BR�ø÷¸�:½5¢�³�¿1¦�¡>¦~£�¡V �®$¯��õ�¡>¦~¦�ñÀ¿ ¢�¡�â_�¯�°�§>³1§�®�¿W�=¾ì³1¦~¦�ñý¤·£ ¾�¢~�±�£Ý¿
Z	���	 �¡>¢~£�¤¥¡>¦~§�®�¿

� �28�£�¶�ã¸ 3545D57C�§���F�5A EF46287C�5�F�5D5�ä45�� F=¦���¦�£2£�82°�628E��CA¦¡>Ò&�F� 4628�CA8�C� 35A�D> ��)�F45�F�5D5à
Br(D∗0→D0γ)

E�45�� F=¦���¦�82£�£28�)D»��4>=@ªFD@:»�F?BEF35�F45D5�)�F�5�CAC7¯�62
�)AC�)�F�>�¯�62£Ã&�FªFA¯28�62;��D> ¦2>�5��D@���5A5©
¢>�8AÇ�5�FEF�)A8�C49¡��62I�CA5©)¢>�CAÄ�62£Ã$2ÄA8Ã&D5�C?@2O¢>=B�C�Ç�CA£���F�<7C��EFAC?@2O35AÄEF46287C�5�F�5D5à E<35ACE§���§���5D5�)D
��?@EF35�F45D5�)�F�>�828�)DÎÍ�µ¶´�ÿïDºÖ�ÚYÊMá�³'©�35A£�6=@¢5�F�5�62£¡ð�628�)Dº7C�§��D5¢5D5�62I:9AC45A8Ã&AÇEFACªÂ�'28E�=C���9Eì¡�?@28?
E�ApEF45�§���5D5�ãAC�8Ò&�F�)D545AC7C����©5�828?qDqE�?@2£±¯�����ðD>  �5D@:q7¯A8�����§���C�5ACE��CD1�

�F?BEF35�F45D5�)���>� ªFA�� þ�ë
(%)ÆqÖ�ÚÝè©Q�ó ¸C¬;õ � ¿ ¸C¸ 45 ± 15ÆqÖ�ÚÝè©QCQ�ó ¸8Å£õ � ¿ ½9« 47 ± 12S8Ö�×�´Áó ¸C¸;õ � ¿ ½9¬ 53 ± 9 ± 10Ô�Ú�³îó ¸8½£õ � ¿ ½9¸ 47 ± 23ÆqÖ�ÚÝè]QºQCQ§ó ¸ ¿ õ � ¿ ½C½ 37 ± 8 ± 8Í�µ¶´�ÿûó ½C�£õ � ¿C¿ « 36, 4 ± 2, 3 ± 3, 3Ö�ÚYÊMá�³îó ½>��õ � ¿C¿ � 40, 4 ± 3, 5 ± 2, 8EF45�§���5�F�)D545AC7CAC�Có Å9¬£õ EF�F�5¢628E

38, 1 ± 2, 9³>´�µ¶´�· � ¿C¿ ¸ 41, 8 ± 3, 6

/_Ô�âMã�Ë 0#ÔÂUIÍ Ê_Ño���ã
�MÕ�ÔMÕ�1!Û�Ý�Ë �èÒ�ÑgÜ�Ñgæ�Ë �
Br(D∗0 → D0γ)�

+�A£�6=@¢5�F�5�5���p45�� F=����;�£2£�9��35A8 �7CA£�6¡5à��<=B�C7C�F49±¯�'2£�C�5©\¢>�CA»:9AC45A8Ã&�F�p�F�5�F45ªF���CD6¢5�FEF?@AC�p462£ �45�§¤
Ã&���5D5�ÄDR7C��EFAC?@2£¡Î=@ªÂ��AC792£¡Î462£ �45��Ã$28à�Ò$2£¡(EF35ACEFAC�C�5ACE��C�º�§���F?>�C45AC��28ªF�5D5�C�6ACªFAð?@2;��AC45D5�)���C462
"&A£�CAC�-EF35�F?>�C45AC�)���9462�³>´�µ¶´�·�'28���p7CA8 ��)A;±}�5ACE��C�¯7C��35A£���5D>�C�}49¡@�-�CAC¢5�5��:qD> ��)�F45�F�5D5�I?@28?q7
A8¢62845AC7928�5�5AC��©1�£28?ÙDÇ�5�§¤¥AC¢62845AC7928�5�5AC��EF�F?>�CAC462;:Ù��D> �D5?5DÑ2;��45AC�5AC75�î�
D> ¦28�5�1©\?@AC�5E��C4>=@?5�5D>¡ÑD
E�7CAC�5E��C792 �����C�F?>�9AC45AC7p"&A8�CAC���C����D�35A¦��45AC�C�5A
AC35D5E�28�5�Àó «@��õæ©@¢>�CA$E§�6=B±}D>�$�92£ �D5EFAC�Ù�5�6¡}EFA8 ��'2;¤
�5D@¡-3545AC�5�§�6=@4-?>2;��D5�C45AC7C?5DqDq7CACEFE��828�5AC7£���F�5D>¡-��D> �D5¢5�FEF?BAC�ID5�5��AC45��28�5D5D-D»�5�6¡q3545AC7C�§���F�5D>¡
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�5�å��ACE��82£�C?BAC7I�§���F�)�F�>�CAC7O28353628462;�8=@45�#DÄ=9E��C45AC�5E��9792q?@2;��AC45D5�)���C462-7<�5�§��AC�hD5EF35A£���8 �AC792;��D5EF�
354>Dº3@�'28�5D545AC792£�5D5Dº�)�5ACªFAC¢5D5E§�����5�5��:º�F?BEF35�F45D5�)�F�>�9AC7ÙÍ�ÿ�³5ÆIÿ�³RÈ`A5ÛFëCBEDGF éPH�Ï§©�Ê�ÚRQ¼Æ-´�·¯ÈOSIF éIH
Ô�éIFGF�þ�Ï§©)´��8�£¤ß�>�;«5ÈOSIF éIH�Ô�éIFGF�Ö�Ï
Dð3545A���A£�6±¯28à��ÇD5EF35A£���8 �AC792;�C�CEå¡ð3545Dð3@�'28�5D545AC7928�5D5Dð�5AC7C��:
��?@EF35�F45D5�)�F�>�9AC7¯?@28?�7
 ¦284>=@�C��±}�5��:}=9EF?BAC45D>�C�§���C�5��:»�5�F�>�C462;:»D»D5�5E��CD>�8=B�C2;:}¤)´��8�£¤å�C�;«}ÈOSIF éIH�Ï§©
�£28?qDq7p��ACEFEFD5D�ÈË���*�" ¤ß� ��� Ï§�
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